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In  this  report  we  will  present  some  results  showing  the  effect  of  a CW-396A 
radome  on  the  radiation  pattern  of  a rectangular  aperture.  It  is  well  known  that 
in  the  absence  of  the  radome  the  radiated  power  can  be  written  as 

Pv  = A(! -sin2  esin2*)|jJ  Kg  etk(x  sin  « cos  * + * ein  * sin  *>  dx  dy  | 2 . (1) 

| S 

where  A is  a constant,  J£g  is  the  electric  or  magnetic  surface  current  on  the 

(radiator,  S is  the  radiator  surface  area,  and  Q and  <t>  are  defined  in  Figure  1. 

Now  suppose  this  antenna  is  placed  inside  a CW-396A  radome.  It  has  been 
demonstrated  elsewhere  that  for  this  type  of  radome  only  the  radome  ribs  signifi- 
cantly influence  the  radiation  pattern,  and  the  effect  of  the  radome  panels  and  bolts 
can  be  neglected  (at  least,  for  frequencies  up  to  and  including  S-band).  For  pur- 
poses of  calculation  we  have  found  it  convenient  to  assume  that  the  near  fields  of 
the  antenna  are  still  collimated  as  they  pass  through  the  radome.  Furthermore, 
we  assume  that  over  the  intersection  of  this  collimated  beam  and  the  radome,  the 


(Received  for  publication  29  December  1976) 


Figure  1.  Antenna  Geometry 


radome  surface  is  nearly  flat  so  that  it  can  be  approximated  by  a rib  structure 
which  is  periodic  in  x and  y,  as  shown  in  Figure  2. 

In  order  to  calculate  the  effect  of  this  approximate  radome  structure  on  the 
radiation  field  we  employ  the  equivalent  current  method.  Using  this  method  we 
calculate  the  field  which  is  scattered  by  each  radome  rib  and  then  approximate 
that  rib  by  a current  sheet  which  produces  the  same  radiation  field.  This  current 
sheet  is  then  projected  back  onto  the  antenna  so  that  the  net  antenna  current  is  the 
original  surface  current  Kg  plus  the  surface  currents  KR  due  to  all  the  radome 
ribs  that  are  projected  back  onto  the  antenna.  Therefore,  in  place  of  Eq.  (1) 
we  get 


PR  * A'  (1-sin2  Osin2  J f eik(x  sin  0 cos  * + * sin  sin  dx  dy 

S (2 

+ II K R gik  (x  sin  e cos  <£  + y sin  sin  d>  + h cos  | 
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where  the  equivalent  current  KR  is  nonzero  only  over  those  portions  of  the  surface 
S upon  which  a radome  rib  is  projected  and  the  factor  exp  (ikh  cos  e)  accounts  for 
the  phase  shift  between  the  actual  location  of  the  radome  ribs  and  their  projection 
onto  the  antenna.  The  quantity  h is  the  distance  between  the  antenna  and  the 
radome  surface.  Also,  A'  can  be  determined  from  the  requirement  that 


/2n  n 2 if  tt 

d<t>  f sin  o do  Pv(e,<t>)  = J d <t>  f sin  g d»  PR  (9,  0) 

« *0  o *r> 


The  equivalent  currents  KR  have  been  calculated  previously  for  both  L-  and  S-band 
signals  in  Eq.  (18)  and  Tables  1 to  4 of  report  RADC-TR-76-379.  For  the  hori- 
zontal struts 


£r_ 

\*s\  "*  » * 


whereas  for  the  diagonal  struts 


T = x [0-53  K|(  + 0.  85  ] , 


where  K|(  and  are  given  by  Eqs.  (2  ) and  (22),  respectively,  in  RADC-TR-76-379. 
and  x is  a unit  vector  along  the  x-axis  (note  that  a horizontally  polarized  E field 
gives  a magnetic  current  z x E which  is  directed  along  the  vertical  axis). 

We  have  not  yet  specified  what  we  shall  use  for  the  antenna  current  distribution 


Kg;  we  choose 


Kg  = x cos 


(2^)  cos  (*£-)  exP  j ~ik(x  sin  flB  cos  *B  + V sin  eB  sin  <t,B)  j • <5> 


The  current  has  a cosine  taper  in  both  x and  y planes  and  a phase  tilt  such  as  to 
give  a beam  maximum  at  0 « and  <t>  - 

D B* 

2.  RESULTS 


If  we  assume  that  the  antenna  lies  at  the  center  of  the  CW-396A  radome  it  is 
appropriate  to  choose  h = 324  in.  Also,  the  separation  6/2  between  horizontal 
ribs  Is  58.  94  in.  and  the  angle  flp  defined  in  Figure  2 is  32°.  For  the  case  when 
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there  is  no  beam  displacement  (that  is,  0B  = = 0)  we  have  calculated  the  effect 

of  the  radome  on  the  antenna  pattern  for  the  cases  listed  in  Table  1. 


Table  1.  Effect  of  Badome  on  Antenna  Pattern 


Frequency 

(GHz) 


2xo  4 
(Inches) 


2y0 

<t> 

(Inches) 

(Degrees) 

180 

0 

180 

32 

180 

58 

180 

90 

144 

0 

144 

32 

144 

58 

144 

90 

168 

0 

168 

58 

168 

90 

See 

Figure 


In  plotting  PR  in  Figures  3 to  13  we  have  normalized  PR  so  that 
PB  (e  = 0)  = Py  (0  - 0).  This  of  course  ignores  the  power  loss  in  the  main  beam 
caused  by  power  being  scattered  by  the  radome  into  the  sidelobes.  By  using  the 
conservation  equation 
2 » 


sin  e de  [ pr  {e,<t>)  - p w(e,<t<)  ] = o 


it  is  possible  to  estimate  the  loss  in  gain  caused  by  the  radome,  as  shown  in 
Table  2. 


Table  2.  Estimated  Loss  in  Gain 


Approximate  Gain  Loss  (dB) 


It  is  interesting  to  note  from  Figures  3,  7,  and  11  that  the  grating  lobes 
caused  by  the  horizontal  radome  ribs  are  about  30  dB  below  the  main  beam  level 
at  L-band  and  about  23  to  24  dB  below  at  S-band.  The  diagonal  radome  ribs  pro- 
duce grating  lobes  at  b = 58°,  as  is  clear  from  Figures  5,  9,  and  12.  These  are 
about  35  dB  below  the  main  beam  level  at  L-band  and  about  20  to  30  dB  below  at 
S-band.  There  are  no  appreciable  grating  lobes  for  any  other  values  of  b in  the 
range  OS^S  90°  (of  course  there  are  grating  lobes  in  the  b = 122°,  180°,  2 38°, 
and  302°  planes),  as  is  clear  from  Figures  4,  6,  8,  10,  and  13. 

We  have  also  studied  the  radiation  pattern  in  the  <t>  = 0°  plane  for  the  case 
when  there  is  a 5°  main  beam  tilt  in  the  vertical  plane  (that  is,  = 5°,  bg  = 0). 
These  results  are  shown  in  Figures  14  to  16. 


3.  CONCLUSIONS  AND  DISCUSSION 

The  CW-396A  radome  can  produce  grating  lobes  in  the  vertical  plane  which 
are  about  30  dB  below  the  main  beam  at  L-band  and  about  23  to  24  dB  below  the 
main  beam  at  S-band.  The  radome  produces  about  a 0.  1 dB  loss  in  gain  at  L-band 
and  about  a 1 dB  loss  in  gain  at  S-band. 

Finally,  we  should  note  that  all  the  panel  sizes  on  the  CW-396A  radome  are 
not  exactly  the  same,  as  we  have  assumed  in  our  approximate  model.  These 
slight  size  differences  would  tend  to  broaden  and  lower  the  grating  lobes  by  a small 
amount  (about  a dB).  We  have  also  considered  the  effect  of  radome  curvature. 

This  effect  is  shown  in  Figures  17  to  19.  Upon  comparing  Figures  17  to  19  with 
Figures  3,  7,  and  11  we  see  that  the  effect  of  the  radome  curvature  is  small. 
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Figure  4 a. 


eB  = 0B  = 


Vacuum  Radiation 
0° 


Pattern  for  Case  A, 


THETA 


Figure  4b.  Radiation  Pattern  with  Flat  Radome  for  Case  A 
<t>  = 32°.  e R ' <t> o = Oo 


Figure  5a.  Vacuum  Radiation  Pattern  for  Case  A,  <\>  - 58°, 
0B  = *B  " °° 


0 15'  30  45  60  75 

THE  TR 

Figure  5b.  Radiation  Pattern  with  Flat  Radome  for  Case  A, 

4>  = 58°.  eB  = *B  = o° 
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Figure  6a.  Vacuum  Radiation  Pattern  for  Case  A , <t>  = 90°, 


THE  TR 


Figure  fib.  Radiation  Pattern  with  Flat  Radome  for  Case  A, 
4>  = 90°.  „ - * = o° 


t 


THETR 


Figure  8a.  Vacuum  Radiation  Pattern  for  Case  B,  <t>  = 32°, 
= 4>-a  = 0° 


THETR 


Figure  8b.  Radiation  Pattern  with  Flat  Radome  for  Case  B, 


THE  TR 


Figure  9a.  Vacuum  Radiation  Pattern  for  Case  B,  <j>  - 58°, 

eB  = = o° 


THETR 


Figure  9b.  Radiation  Pattern  with  Flat  Radome  for  Case  B, 
<t>  = 580,  g = A = 0° 


THETfl 


Figure  18.  Radiation  Pattern  with  Spherical  Radome  for  Case  B, 
* " »B  ‘ *B  ° °° 
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Appendix  A 

Fortran  Listing  of  tho  Computer  Program  Usod  for  Calculating  R adorn*  Effects 
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